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An analysis of basal area, density and volume of the major timber species in four forest types in Transkei is 
presented. A comparison of the data set with similar figures from a southern Cape forest indicates that 
commercial exploitation is not feasible in the Transkei forests at present. However, the potential exists for the 
sustained use of poles and saplings at a subsistence level, provided suitable control measures are 
implemented. 
Die basale oppervlakte, densiteit en volume van die belangrikste houtsoorte in vier woudtipes van Transkei is 
ontleed. 'n Vergelyking met soortgelyke data van 'n Suid-Kaapse-woud dui daarop dat kommersiele 
ontginning nie tans uitvoerbaar in die Transkei is nie. Die moontlikheid bestaan egter vir die volgehoue gebruik 
van pale en latte op 'n bestaansvlak, indien geskikte beheermaatreels ge'implementeer word. 
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Introduction 
Apart from small patches in Acocks' (1953) Highland 
Sourveld in the Drakensberg and Witterberg mountains , 
afromontane forests in Transkei are largely confined to 
the Dohne Sourveld (Acocks 1953) . Demarcated forests 
comprise some 540 patches varying in size from less than 
0,5 ha to 200 ha or more , 76% being less than 50 ha. 
They cover a total area of some 26 316 ha. Acocks 
(1953) believed that although these forests were much 
more extensive prior to 1400 AD , they were largely 
restricted to the same situations where they persist 
today , while scrub forest covered practically all of 
Transkei. However , recent archaeological data seems to 
indicate that even scrub forest was not as extensive as 
Acocks (1953) supposed (Feely & Granger 1984; 
McKenzie 1984). Shone's (1985) suggestion that during 
the last century the country was covered with dense 
temperate forests and scrub forests is very doubtful in 
light of Steed mans' (1835) observation that woody vege-
tation was confined to river valleys; the interfluves being 
either treeless or covered with Acacia woodlands. 
Edaphic factors such as soil nutrient status (King 1978) 
and the soil moisture regime (Butzer 1982; Tinley 1982) 
have been proposed to account for the lack of trees 
where the climate is suitable. 
Over-exploitation, especially the extraction of timber 
during the colonial period, led to considerable reduction 
in forest size, some forests being clear-felled (Laughton 
1937). Others were cleared and planted to agricultural 
crops by the indigenous population; sawyers facilitated 
this process by removing the large trees (Sim 1907; 
Laughton 1937; King 1941) . Saplings and small trees 
were also removed in large quantities for the construc-
tion of homesteads . Woodlots were established at the 
turn of the century in order to reduce the impact of this 
type of exploitation (Sim 1907), but have not met the 
demand (Shone 1985). The forests are also an important 
source of medicinal plants, many tree species being 
highly valued for their bark which is often stripped 
completely. The present paper discusses the potential for 
commercial exploitation of certain key species and the 
impact of subsistence utilization on the forests. 
Methods 
Cawe & McKenzie (1989b) classified the forests into the 
following syntaxa: Eugenia capensis subsp . natalitia-
Peddiea aJricana aSSOCIatIOn, Diospyros whyteana 
association, Scolopia mundii association and the 
Xymalos monospora- Ocotea bullata association. They 
are referred to here as forest types I , II, III and IV 
respectively. Comparisions of the basal area distribution 
of each forest type were made with data from Gouna 
Forest in the southern Cape (Geldenhuys 1980). Gouna 
Forest was chosen for the comparisions because it is the 
only afromontane forest with large site differences 
comparable to the Transkei for which data were avail-
able . Each of the moist forest types (I , III & IV) in 
Transkei had an average basal area greater than 39 m2 
ha-I while in forest type II (a dry type) the average basal 
area was less than 38 m2 ha- I . The basal area distribution 
in each of these forest types was compared with 
compartments of comparable basal area in Gouna 
Forest. The dbh classes used are as shown in Table 1. 
Further comparisons of basal area distribution were 
made for the following timber species common to Gouna 
Forest and Transkei: Podocarpus Jalcatus (Thunb.) 
R .Br. ex Mirb., P. latiJolius (Thunb.) R.Br. ex Mirb. 
and Ocotea bullata (Burch) E . Mey. The volume of these 
species together with P. henkelii was then estimated 
using Geldenhuys ' (1983) volume tables. In the absence 
of data specific to P. henkelii its volume was estimated 
using P. latiJolius data , a species of similar growth form . 
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Results 
Table 1 DBH classes used in 
the description of forest condi-
tion in Gouna Forest and in 
Transkei 
Class 
2 
3 
4 
dbh (em) 
Gouna Transkei 
10-23 10-24 
24-37 
38-50 
50+ 
25-39 
40-49 
50+ 
Basal area distribution 
In Transkei forests, basal area in the lower dbh classes 
(1, 2 & 3) is generally much less than in Gouna Forest, 
but is higher in the largest dbh class (Figures 1 & 2) . A 
similar trend is apparent with respect to the key timber 
species especially in forest types I , II and ITI . The basal 
area of P. falcatus is generally lower in Transkei than in 
Gouna Forest , and it is only in dbh class 4 of forest type 
II that the basal area of P. falcatus in Transkei actually 
exceeds that of Gouna Forest (Figure 3). The basal area 
of this species in the other forest types approaches , but 
does not reach, Gouna Forest levels in dbh class 4. P. 
henkelii does not occur in Gouna Forest and in Transkei 
it is almost exclusive to forest type I where its basal area 
is maximal in dbh class 4 (Figure 4). The basal area 
distribution of P. latifalius follows a pattern similar to P. 
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falcatus , but it is only in dbh class 4 in forest type IV that 
its basal area is comparable to Gouna Forest (Figure 5). 
O. bullata occurs in quantities similar to Gouna Forest in 
forest types I and IV , but only in the largest dbh class 
(Figure 6) . 
Density distribution 
P. falcatus is generally absent from forest type I except 
for a few large trees in dbh class IV (Figure 7). Its 
highest density is in forest type II where its regeneration 
seems good. However, the density of this species in 
larger dbh classes is very low and in none of the forest 
types does it exceed 10 trees per hectare. Because of its 
low density , sustained commercial exploitation of this 
species would not be feasible. 
P. henkelii occurs almost exclusively in forest type I 
where there is a very high density of stems in dbh class 1 
(Figure 8). There is a paucity of stems in dbh classes 2 
and 3 which is partly due to former exploitation in these 
medium dbh classes. The relatively high density of stems 
in dbh class 4 (28,6 stems ha- 1) suggests that commercial 
exploitation in this dbh class is feasible, but would best 
be deferred until the density of stems in dbh classes 2 and 
3 improved considerably. 
The density of P. latifalius is generally low in all forest 
types (Figure 9). The low density of large stems can be 
attributed to the heavy logging of this species in the past 
(King 1941) . Commercial exploitation of P. latifalius is 
therefore not recommended in any of the forest types. 
The density of Ocatea bullata is highest in the moist 
forest types (I , III & IV) and is virtually absent in forest 
type II which is driest and most degenerate (Figure 10) . 
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Figure 1 Basal area distribution in the moist forest types of Gouna Forest and the afromontane forests of Transkei. 
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Figure 2 Basal area distribution in dry forest types in Gouna Forest and the afromontane forests of Transkei. 
In forest type III the species occurs almost exclusively in 
the lower dbh classes while in the better protected forest 
types (I & IV) it is represented in all dbh classes. The 
paucity of large stems of O. bullata in forest type II may 
be due to previous exploitation. Early records (Sim 
1907; Miller 1922; King 1941) on the scarcity of this 
species were made decades after the forests had been 
plundered and therefore do not necessarily reflect the 
Twel 
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Figure 3 Basal area distribution of Podocarpus Jalcatus in Gouna Forest and the afromontane forests of Transkei. 
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Figure 4 Basal area distribution of Podocarpus henkelii in the afromontane forests of Transkei. 
stocking rate of these forests in 'virgin' condition. 
Volume 
The stocking rate of the three Podocarpus spp. is 125 m3 
ha- ' . This compares very poorly with King's (1941) 
estimate of 1 008 m3 ha-l for a virgin afromontane forest 
in the southern Cape. Most of the volume of yellowood 
in Transkei today is contributed by P. henkelii in forest 
type I (Figure 11). The volume of both P. Jalcatus and P. 
Gouna TYJM I Type III 
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Figure 5 Basal area distribution of Podocarpus lalifolius in Gouna forest and the afromontane forests of Transkei. 
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Figure 6 Basal area distribution of Ocotea bullata in Gouna Forest and the afromontane forests of Transkei. 
Sustainable yield 
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latiJalius is very low in all forest types. The stocking rate 
for O. bullata of 28 m3 ha- 1 also compares poorly with 
King's (1941) estimate of 60 m3 ha- 1 for the southern 
Cape. Most of the volume of O. bullata occurs in forest 
type I and IV (Figure 11). 
Optimal sustained yield management in southern 
African forests is a complex phenomenon (Seydack et al. 
1982) and requires considerable amounts of inventory 
data before a sound management programme can be 
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Figure 7 Density distribution of Podocarpus Jalcatus in four afromontane forest types in Transkei. 
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Figure 8 Density distribution of Podocarpus henkelii in four afromontane forest types in Transkei. 
implemented . A substantial inventory for Transkeian 
forests will take years to complete. A simple model of 
sustained utilization is therefore outlined below to 
consider the possible exploitation potential of a few 
Typ. I 
species. 
Van Laar & Geldenhuys (1975) give a series of stem 
diameter distributions for a number of species occurring 
in the southern Cape. These curves are based on data 
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Figure 9 Density distribution of Podocarpus latifolius in four afromontane forest types in Transkei. 
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Figure 10 Density distribution of Ocotea bullata in four afromontane forest types in Transkei. 
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collected from 650 sample plots measuring 0,04 ha each forest in which this study was carried out , Bloukrans, is a 
in a 520-ha forest. These data represent the most 
intensive sampling study in South African forest. The 
state forest reserve in which exploitation is restricted to 
windfalls and other dead trees. The population structure 
1~r-------------------~~r-----------------------------------------------, 
10 
10 
4 
species 
Figure 11 Volume of key timber species in four afromontane forest types in Transkei. The species are designated as follows: 1. 
Podocarpus falcatus, 2. P. henkelii, 3. P. latifalius , 4. Ocotea bullata. 
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Figure 12 General form of stem diameter distribution graphs given by van Laar & Geldenhuys (1975) a t time t= O and at time t. 
of the various species in this forest is therefore likely to 
be close to that of an undisturbed forest. This structure is 
reflected in the stem diameter distributions. The stem 
diameter distribution curves given by van Laar & 
Geldenhuys (1975) at a fixed time, say t=tj , are of the 
general form: 
s(x, t)=Ao exp[- kx] 
where: s(x,t) is the number of trees with diameter x 
present at time t; Ao is a constant, referring to the initial 
number of trees , k is a constant rate of mortality and e is 
the base of natural logarithms (Figure 12a) . These curves 
can therefore be linearized as follows: 
s, (x, t)=A o+kx 
where: 
s, (x, t) = log,s(x, t). 
The value of k can be determined using linear 
regression. From the data supplied by van Laar & 
Geldenhuys (1975) the following equations can be 
derived for Podocarpus spp. and Ocotea bullata respec-
tively (Figure 13): 
s, (x,t)=7,3771-O ,0066964x (i) 
s, (x, t)=4 ,7023-O,0057502x (ii) 
The correlation coefficients (r) for these two equations 
are : -0 ,9135 and -0,9451 respectively. 
Since k represents the mortaiity rate , its value might 
be expected to increase with the incidence of cyclones , 
severe snowfalls and other episodic disasters. Such 
occurrences are very infrequent and unpredictable . They 
are not taken into account in the present discussion and 
k is assumed to be independent of both x and t . 
Now suppose tree diameter increases at a constant 
rate , c. Geometrically, this is equivalent to the graph 
(Figure 13a) moving to the right c units per unit of time. 
The point corresponding to x on the graph , sex, t) , has the 
same co-ordinate as the point corresponding to x-ct on 
the graph s(x,O) (Figure 13b). The number of trees with 
diameter x at time t is therefore: 
sex, t) =s(x-ct, 0) 
s(x, t) =Aoexp[ kct-kx)] 
If a species is to be exploited at a constant rate r , then 
the exponential growth factor exp[kct] is reduced to: 
exp[(kc-r)t] 
and 
sex, t) =Aoexp[-kx+ (kc-r)t] 
If sustained utilization is the goal , then exploitation 
should be at such a rate that the population structure of 
the exploited species does not deteriorate. This could be 
achieved by ensuring that the amount of timber removed 
per annum is equal to the annual dbh increment. This 
means that the rate of exploitation , r must be chosen 
such that: 
r=kc 
The best available estimate of c, the rate of dbh increase , 
for P. henkelii is given by Moll & Woods (1971) as 3,35 
mm per annum. The value of k for this species has been 
determined as -0,0066904 . The exploitation rate r, 
should therefore be: 1 stem 45 ha-1 annum-I. Similarly for 
O. bullata based on a dbh increment rate of 1,625 mm 
per annum (Moll & Woods 1971) exploitation should be 
at the rate of 1 stem 107 ha- I annum-I. 
In view of the intensive commercial logging that 
occurred in the indigenous forests of Transkei in the past 
and the consequently low stocking of timber species, it 
would clearly be desirable to defer further exploitation 
until the amount of timber increases appreciably . It 
would be prudent to defer exploitation of indigenous 
timber in Transkei until present stocks of commercial 
species double. How long should exploitation be 
deferred? If present stocking is expressed by letting t=O 
then: 
s(x,O)=Aoexp[- kx] 
S.Afr.J. Bot., 1989,55(1) 
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Figure 13 Stem diameter distributions of Podocarpus spp. and Ocotea bullata in the B10ukrans forest (van Laar & Geldenhuys 
1975) which are taken as representative of unspoilt forest. 
It is required that: 
S(x,t) =2A oexp[-kx] 
Since r=O , then: 
A oexp[-kx+ktc]=2Aoexp[-kx] 
Therefore : 
exp[kct}=2 
That is: 
Exploitation of P. henkelii and O. bullata would 
therefore have to be deferred for 31 and 74 years 
respectively. 
Discussion 
Commercial exploitation 
From the foregoing it is quite clear that only very light 
logging in the indigenous forests of Transkei would be 
compatible with the principle of sustained use. Such 
exploitation seems feasible in forest type I which has 
appreciable quantities of P. henkelii and O. bullata. 
Whether logging at the rates suggested above would be 
economical seems very doubtful since type I forests in 
Transkei are not extensive and occur as small patches 
scattered over a wide area. It is equally clear that the 
forests need to be rested for a long time before com mer-
ciallogging can be embarked upon , especially in the case 
of O. bullata. However , if it were deemed imperative to 
embark on such exploitation before the periods 
suggested above, then cognisance of the following points 
would have to be taken: 
Firstly , the sample on which the stem densities of P. 
henkelii and O. bullata are based is very small and thus 
serves only to indicate the species and forest types in 
which sustained commercial logging seems feasible. 
Much more intensive sampling in this forest type will be 
required before any exploitation can be considered . In 
fact , some 2 260 sample plots would be required to 
determine the mean volume of P. henkelli within a 95% 
confidence interval of 10 m3 ha- I . 
Secondly, the estimates of the growth rates of P. 
henkelii and O. bullata need to be evaluated . The data 
given by Moll & Woods (1971) is based on a sample of68 
trees from Xumeni Forest in Natal , measured over a 37-
year period. Because a large number of trees was 
measured for this parameter most of the variability due 
to genetic and environmental differences was accounted 
for. Although obtained over a fairly short period , Moll 
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& Woods' (1971) estimate of the maximum rate of the 
increment for P. falcatus compares very well with Hall 's 
(1976) estimate for a single specimen of the same species 
over a 600-year period. This suggests that Moll & 
Woods' (1971) data are reliable, and the fact that their 
estimates for the growth rates of other species is 
comparable to data from the southern Cape indicates 
that their estimates are applicable to similar forests in 
Transkei . Laughton (1937) , however, seems to have 
grossly over-estimated the rate of growth of O. bullata. 
His data was therefore ignored and the mean increment 
rate for several species given by Moll & Woods (1971) 
was used instead. The growth rate for O. bullata used in 
this study is therefore less accurate than that of P. 
henkelii . Since the error associated with these estimates 
for Transkei is undetermined , the rate of exploitation 
should be considerably less than indicated above . 
Thirdly , logging opens up the canopy, leading to 
desiccation within the forest (Moll 1981) . This change 
within the forest environment may adversely affect 
growth and regeneration rates . In the event of commer-
cial exploitation being pursued , these and other changes 
in the forest would have to be carefully monitored so 
that necessary adjustments in the rate and method of 
exploitation can be implemented. This would require 
that some forests and compartments be left unexploited 
to serve as benchmarks for comparative purposes . 
Fourthly, unlike commercial plantations where clear-
felling is common practice, the extraction of timber in 
indigenous forests is more selective and laborious, and is 
therefore much more costly. The felling of mature trees 
leads to the creation of large gaps in which the regener-
ation of indigenous woody plants may be stifled by 
herbaceous weeds for up to 20 years (Phillips 1931). 
When live trees snap at the base they create larger gaps 
than dead trees (Geldenhuys & Maliepaard 1983) . To 
minimize gap size during logging, the crowns of trees to 
be felled are first removed (Geldenhuys 1980) . Such an 
exercise requires highly skilled labour (Grewar 1982) 
which is not readily available in Transkei . The use of 
helicopters to remove logs from indigenous forests has 
been proposed in the southern Cape (Grewar 1982) , but 
the economic viability of such an exercise is very 
doubtful. 
Finally, past exploitation of the afromontane forests in 
Transkei was done by hand owing to the scattered nature 
and small size of the forests (King 1941). Exploitation 
was intensive especially in the more accessible areas. In 
1901 it was estimated that 52% of the forests were 
exhausted and by 1937 the figure had increased to 59%, 
only light working being recommended in the remaining 
forests (King 1941). Future exploitation would also have 
to be done by hand and would probably be concentrated 
in the less accessible areas where less exploitation 
occurred in the past. 
Subsistence exploitation 
Shone (1985) estimates that some 147 300 ha would have 
to be planted to woodlots in order to meet the firewood 
and sapling requirements of half of the rural population 
S.-Afr.Tydskr. Plantk., 1989,55(1) 
of Transkei , but it would be possible to plant only 60 000 
ha . A major constraint to the establishment of woodlots 
is that it conflicts with other land-use requirements such 
as grazing of livestock ,find arable agriculture (Banks 
1981 ; Casey 1981; Furness 1981). This clearly indicates 
that in many parts of the country indigenous forests will 
continue to be an important source of these 
commodities . This is a grave situation because many 
small forests, especially those which are far from forest 
stations and are hardly ever patrolled by forest guards , 
have been cleared of practically all undergrowth except 
for thorny shrubs such as Cassinopsis ilicifolia (Hochst.) 
Kuntze , Scutia myrtina (Burm .f.) Kurz . and Canthium 
pauciflorum (Klotzsch) Kuntze . In some areas even the 
spinescent shrubs are chopped for firewood and only the 
very large trees remain. Such forests were encountered 
most frequently in the drier areas such as Nqamakwe, 
Camama , Mt Frere and Mvenyane , that is in zones A , C 
and F respectively (see Cawe & McKenzie 1989a) . In 
some instances badly damaged forests were fenced off 
and consequently regenerated profusely. For example, 
the shrub density in an unfenced forest (Nconyeleni) was 
525 stems ha- I , but in a nearby forest (Nyathi) which has 
been fenced , the shrub density was 3726 stems ha-I . 
These figures indicate that fencing must be a priority , the 
fenced forests being patrolled frequently and regularly to 
ensure their protection. It would still be feasible to allow 
a certain amount of subsistence utilization of these 
forests provided that the removal of saplings was on a 
controlled basis in terms of quantity , quality and species. 
Obviously more detailed studies will be required to 
establish the intensity and frequency at which such 
exploitation may be carried out without further 
detriment to the forests . The resilience displayed by the 
few patches that had been badly damaged and 
subsequently fenced off gives grounds for optimism 
about the rehabilitation and conservation of many of the 
forests presently in a poor condition . 
The conservation of these forests is vital , not only 
because their full recovery would mean a source of 
income to a handful of sawyers and provide the basic 
necessities of many people in the rural areas, but 
because they protect the catchments of all the major 
rivers and the numerous streams in the territory. Le 
Roux (1981) reports that water from well-managed 
catchments is of a higher quality and carries less 
sediments than water from unprotected catchments. The 
greater sediment load in poorly managed catchments has 
important implications with respect to the rate of 
siltation of dams and would be particularly acute in 
Transkei because the forests occur on very steep slopes. 
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